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A fast, efficient, and cost-effective method was developed for the analysis of aflatoxins in farm
commodities with high-pigment content, such as chili powder, green bean, and black sesame. The
proposed method involved matrix solid-phase dispersion (MSPD) and high-performance liquid
chromatography (HPLC)-fluorescence detection (FLD) with postcolumn electrochemical derivatization
in a Kobra cell. The MSPD procedure combined the extraction with neutral alumina and pigment
cleanup with graphitic carbon black (GCB) in a single step. The recoveries of aflatoxins ranged from
88% to 95% with the relative standard deviations (RSD) less than 6% (n ) 6). The limits of detection
(LODs) were 0.25 ng/g aflatoxin B1, G1, and 0.10 ng/g aflatoxin B2, G2, respectively. The analytical
results obtained by MSPD were compared to those of the immunoaffinity column (IAC) cleanup
method. No significant differences were found between the two methods by t-test at the 95%
confidence level.
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INTRODUCTION

Aflatoxins are the secondary metabolites of fungi (Aspergillus
flaVusandA. parasiticus) and can be found widely in food and
feed. They are considered as the genetic damaging and
carcinogenic compounds for human and animals (1). Because
of the potential health risk, the contamination of aflatoxins in
food has been regulated in many countries, and rigid maximum
residue limits (MRL) for aflatoxins have been established (2,
3).

Methods for the determination of aflatoxins include thin-layer
chromatography (TLC) (4), high-performance liquid chroma-
tography (HPLC) (5-7), and enzyme-linked immunosorbent
assay (ELISA) (8, 9). TLC is widely used for aflatoxin analysis
because of its simplicity and practicability. However, it has the
drawbacks of low sensitivity and poor accuracy. As a fast
screening method, ELISA possesses good specificity, sensitivity,
and simplicity. However, it has the possibility of false positives
because of cross-reaction and interference in the complex
matrixes. The present trend is the use of HPLC as the alternative
technique for aflatoxin analysis due to its high accuracy and
potential for automation.

Before aflatoxin determination, a sequence of sample pre-
treatment steps is needed. Among them, extraction and purifica-

tion processes are the most difficult, but they are important steps
that depend significantly on the physicochemical properties of
the samples contaminated with aflatoxins. Sample with high
pigment and lipid content makes the aflatoxin analysis difficult
because of serious matrix interference. Hence, a more selective
treatment followed by specific purification is required before
the analysis. Some attempts have been made to purify aflatoxins,
such as solvent extraction followed by liquid-liquid extraction
(10) or solid-phase extraction (SPE). A variety of SPE columns
were used for purification, including silica (11), C18 (12), Oasis
HLB cartridge (7), and multifunctional columns (MFC) (13, 14),
etc. Immunoaffinity columns (IAC) were also adopted for the
purification of aflatoxins (5, 15, 16), which are efficient, but
rather expensive. Matrix solid-phase dispersion (MSPD) is an
efficient method for sample pretreatment developed by Braker
et al. (17). It combines the extraction and cleanup in a single
step, thus reducing solvent consumption and sample treatment
time (18). MSPD was applied to the analysis of aflatoxins in
high fat content samples (19), in which C18 sorbent was used
to remove lipid interference in peanut matrix. However, few
studies were reported using MSPD for pigment cleanup in the
analysis of aflatoxins in high-pigment content samples, such as
chili powder, green bean, and black sesame.

In this study, a fast, efficient, and cost-effective method was
developed for the aflatoxin analysis in high-pigment samples.
Aflatoxin extraction and matrix cleanup were carried out in a
single step by MSPD pretreatment with neutral alumina and
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graphitic carbon black (GCB). The aflatoxins were separated
and detected by HPLC-fluorescence detection (FLD) after the
postcolumn electrochemical derivatization in a Kobra cell. The
purification results obtained with MSPD were compared to those
of IAC, in terms of the limit of detection (LOD) and aflatoxin
recovery.

MATERIALS AND METHODS

Reagents and Solutions.The mixed standard reagent of aflatoxins
was purchased from Supelco (Bellefonte, USA) with the concentrations
of 1.0 µg/mL aflatoxin B1, G1, and 0.3µg/mL aflatoxin B2, G2. The
stock solution was prepared by diluting the standard reagent with
methanol and was stored in a lightproof container at-20 °C. The stock
solution could be used for 3 months. The working solutions were
obtained by diluting the stock solution further with methanol covering
the concentration range of 0.5-10 ng/mL for aflatoxin B1, G1 and 0.15-
3.0 ng/mL for aflatoxin B2, G2.

All of the solvents were of chromatographic grade, and distilled water
through a 0.45-µm-filter membrane was used. Acetonitrile, acetone,
methanol, and methylene chloride were purchased from Merck (Darm-
stadt, Germany). The solutions were filtrated through 0.45-µm filter
membrane and degassed for 30 min by an ultrasonic bath before use.
Florisil PR (60-100 mesh) from Fluka (Buchs, Switzerland), octade-
cylsilica (50µm), silica gel 60 (230-400 mesh), and neutral alumina
(60-100 mesh) from Merck were tested as solid adsorbents for MSPD
pretreatment. GCB (120-400 mesh, 100 m2/g) from Supelco was used
as cleanup material. All of the sorbents were not deactivated. Aflaprep
immunoaffinity columns were obtained from Vicam (Watertown, USA).

Apparatus. The HPLC separation was carried out by an Agilent
1100 liquid chromatography system with a 250× 4.6 mm i.d, 5µm
Zorbax SB C18 reversed-phase column and a 20× 4.6 mm i.d, 5µm
HP C18 precolumn (Agilent, USA). The sample injection volume was
20 µL. The mobile phase was the mixed solution of methanol-
acetonitrile-water (2/2/6, v/v/v) containing 0.12 g/L potassium bromide
and 200µL/L nitric acid, and its flow rate was 1.0 mL/min. In the
reversed HPLC system, the fluorescence of aflatoxin B1 and G1 was
rather weak (20). To enhance the fluorescent responses of aflatoxin B1

and G1, an on-line and postcolumn derivatization was carried out with
bromine generated in a Kobra cell (Rhone Diagnostics, Glasgow, U.K.)

with the electrochemical reaction current of 100µA. The postcolumn
reaction coil consists of a 360 mm× 0.8 mm i.d. PTFE tubing.
Aflatoxins were detected with a scanning fluorescence detector at the
excitation and emission wavelengths of 355 and 435 nm, respectively.

MSPD Procedure.The whole setup and procedure of MSPD was
illustrated inFigure 1. First, samples were milled in a food chopper,
and 1.00 g of treated sample was transferred to a glass mortar containing
2.00 g of solid adsorbents. For the spiked sample, the standard aflatoxin
solution was added into the sample. The sample was blended gently
with sorbents by a pestle. The homogeneous mixture was then
transferred into the glass cartridge (MSPD column) containing 70 mg
of GCB in the bottom and underlaid with a glass microfiber filter paper
(Whatman GF/A). The sample mixture was covered with another filter
paper and lightly compressed with a modified syringe plunger to form
a MSPD column. It was then connected to a vacuum manifold. The
mortar and pestle were washed with 1 mL of acetonitrile, and the wash
was transferred into the column. Another 4 mL of acetonitrile was
added, and the column was eluted at a flow rate of 2 mL/min. All of
the eluate was collected and concentrated to dryness under N2 flow in
a water bath at 40°C, and then dissolved in 0.5 mL of acetonitrile for
HPLC analysis.

The extraction procedure described above is based on the data
obtained from different optimization assays. They involved the study
of different solid sorbents for MSPD including octadecylsilica, Florisil,
silica gel,and neutral alumina, and also different elution volume.
Moreover, the optimization of the procedure included an assessment
of an additional purification step with GCB.

IAC Cleanup. The homogeneous samples of 5.00 g were extracted
with 20 mL of 80% methanol (v/v) by vortexing with a MS1 Minishaker
(IKA Works Inc., Guangzhou, China) at 2500 rpm for 2 min. The
extracted mixture was then filtered through Whatman No.3 filter paper,
and 4 mL of the filtered solution was diluted to 20 mL with distilled
water. After that, the solution was passed through the immunoaffinity
column at a flow rate of 2 mL/min. The column was subsequently
washed with 10 mL of distilled water and then purged to dryness with
air. The aflatoxins were eluted dropwise with 2 mL of methanol. The
eluate was then concentrated to 0.5 mL by N2 flow for HPLC analysis.

Recovery Experiment.Recovery experiment was performed with
spiked sample at the concentration level of 2.5 ng/g aflatoxin B1, G1

and 0.75 ng/g aflatoxin B2, G2. The spiked and unspiked samples were

Figure 1. Schematic diagrams of the whole procedure in matrix solid-phase dispersion.
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extracted and cleaned up according to the method described above.
The recovery of aflatoxins in each sample was calculated by subtraction
of any aflatoxins detected in the unspiked samples. The analytical
precision was evaluated with relative standard derivation (RSD) by six-
replicated analysis of the samples.

Quantitation and Identification. The quantitative analysis was
carried out by peak area using the external standard method. The
calibration curves and linear regression equations were obtained with
five mixed standard solutions covering the concentration range of 0.5-
10 ng/mL for aflatoxin B1, G1, and 0.15-3.0 ng/mL for aflatoxin B2,
G2. Identification of aflatoxins was based on retention time. A mixed
standard solution of aflatoxins was subsequently separated after the
sample analysis for the exact identification every day.

RESULTS AND DISCUSSION

Selection of Solid Sorbent.The effect of different sorbents
on aflatoxin recovery and matrix cleanup degree was studied
for MSPD, including C18-silica, silica gel, Florisil, and neutral
alumina. Here, the unspiked and spiked chili powder samples
were used to optimize the MSPD conditions because of its more
complex matrixes than others. The spiking levels in chili powder
were 2.5 ng/g aflatoxin B1, G1, and 0.75 ng/g aflatoxin B2, G2.
The experimental results indicated that these sorbents have
similar recoveries for aflatoxin B1, B2, G1, and G2, but quite
different capacity in the matrix cleanup for chili powder. The
chromatograms obtained with four sorbents are illustrated in
Figure 2. The sample treated by C18-silica gave the highest
background, while three polar sorbents, that is, silica, Florisil,
and neutral alumina, produced lower background than C18-silica.
Among them, neutral alumina was the most effective in
removing the interferences, as evidenced by the lowest back-
ground level in the chromatograms. The high background might
be caused by chili pigments and capsaicinoids in the sample
extract, which are the common components in chili powder.
The polar capsaicinoids were poorly retained on the hydrophobic
C18-silica sorbent and easily eluted by acetonitrile solvent.
However, neutral alumina proved to be a better dispersant than
the other sorbents assessed due to its hydrophilic characteristics,
which provided high affinity for polar compounds. Because the
sample extract obtained with C18-silica, Florisil, and silica

showed many interfering peaks, neutral alumina was selected
for MSPD. However, due to the presence of different polar
pigments in chili powder such as capsanthin, capsorubin,
zeaxanthin, and cryptoxanthin, individual sorbent had difficulty
eliminating various pigments efficiently. Although the pigments
seemed to have a slight effect on chromatographic separation,
an additional purification is also required due to the potential
contamination and deterioration of the injection system and
separation column.

Purification. For the pigment removal, carbon-based sorbent
was reported to be efficient due to various functional groups
on the surface (21). In this work, GCB sorbent was used for
co-column cleanup and packed into the bottom of the same
column as the MSPD material. Because GCB has large
adsorption capacity not only for pigments, but also for aflatoxins,
GCB cleanup carries the risk of low recovery for aflatoxins.
However, due to the complex surface properties, GCB can
preferentially adsorb macromolecules, such as pigments and
lipids. Once the GCB is saturated by macromolecule adsorption,
it cannot adsorb aflatoxins. Hence, the amount of GCB has an
important influence on the recovery of aflatoxins and should
be rigidly optimized according to the sample amount.Figure 3
illustrates the effect of the GCB amount on the recoveries of
aflatoxins for the purification of 1.0 g of chili powder spiked
with 2.5 ng/g aflatoxin G1, B1, and 0.75 ng/g aflatoxin B2, G2.

Figure 2. Chromatograms for analysis of aflatoxins in chili powder obtained from (A) ODS (C18), (B) silica, (C) Florisil, and (D) neutral alumina.

Figure 3. Effect of graphitic carbon black amount on the recoveries of
aflatoxins for 1.0 g of chili powder spiked with 2.5 ng/g aflatoxin B1 and
G1, and 0.75 ng/g aflatoxin B2 and G2.
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The results showed that the increase of GCB amount caused
the decrease of aflatoxin recoveries. A higher amount of GCB
possessed good capacity for removing pigment and gave cleaner
extracts, but the recoveries of aflatoxins B1, B2, G1, and G2 were
unsatisfactory. Furthermore, aflatoxins could not be quantita-
tively eluted from the GCB column even by the different eluting
solvents, including methanol, dichoromethane, acetone, and
various proportions of dicholomethane-acetonitrile mixture.
This demonstrated that excess GCB led to irreversible adsorption
for aflatoxins. On the other hand, a lower amount of GCB gave
poor capacity for pigment cleanup. Here, 70 mg of GCB was
chosen as the compromise between aflatoxin recoveries and
pigment purification.

The effect of elution volume on aflatoxin recoveries is shown
in Figure 4. The recovery of each aflatoxin increased rapidly
to nearly 90% by increasing the acetonitrile volume to 5 mL,
and then reached an equilibrium value with increasing the elution
volume further. Therefore, the eluting volume of 5 mL of
acetonitrile was chosen in this work.

Comparison of MSPD and IAC Pretreatment for Afla-
toxin Analysis. In this study, the MSPD method coupled with
neutral alumina extraction and GCB cleanup was also used to
analyze other high-pigment content samples of black sesame
and green bean besides chili powder. The analytical performance
of MSPD was evaluated and compared to the IAC method.
Black sesame, green bean, and chili powder were spiked with
2.5 ng/g aflatoxin B1, G1, and 0.75 ng/g aflatoxin B2, G2,
respectively. The average recoveries of aflatoxins and LODs
obtained by the two methods are listed inTable 1. Here, LOD
is defined as the aflatoxin concentration of 3 times the signal-
to-noise ratio. The average recoveries and LODs of aflatoxins
obtained from MSPD and IAC were statistically evaluated by
a t-test at the confidence level of 95%. No significant differences
were observed between the two methods. Using MSPD, the
average recoveries of aflatoxins were higher than 88% with RSD
less than 6% in different sample matrixes, and LODs were 0.25
ng/g for aflatoxins B1, G1, and 0.10 ng/g for aflatoxins B2, G2,
respectively. The cleanup degree of the two methods could be
evaluated from the chromatograms, as shown inFigure 5. It

demonstrated that the chromatograms of black sesame and green
bean by MSPD were quite similar to those by IAC. Although
the chromatogram of chili powder had a few impurity peaks
by MSPD, it did not disturb the separation peaks of aflatoxins.
The total pretreatment time and solvent volume required for
one sample analysis were less than 20 min and 5 mL,
respectively. For the samples investigated in this study, the
MSPD method was as accurate and precise as IAC, but more
preferable in solvent consumption and experimental cost.

Analysis of Real Samples.Aflatoxin contamination has been
found in foodstuff, including chili powder, sesame (22), and
bean samples (23). Usually, aflatoxin analysis in these samples
is required in the commercial transactions for minimizing the
public health risk. In this study, 20 samples obtained from
different supermarkets, including chili powder, black sesame,
and green bean, were analyzed with the proposed method.
Aflatoxins B1, B2, G1, and G2 were not detected in these
samples. To validate the results obtained with the MSPD
method, IAC pretreatment was also employed in the sample
analysis. The obtained results with IAC were consistent with
those of MSPD, as shown in the chromatograms ofFigure 6.
Because MSPD based on neutral alumina extraction and GCB
cleanup is efficient, accurate, and cost-effective, its application
in the aflatoxin analysis in high-pigment content samples can
be recommended.

Figure 4. Effect of elution volume on recoveries of aflatoxins for 1.0 g of
chili powder spiked with 2.5 ng/g aflatoxin B1 and G1, and 0.75 ng/g
aflatoxin B2 and G2.

Table 1. Comparison of Analytical Results Obtained by MSPD and
IAC Methods

mean recoveries (%) +RSD (%) (n ) 6)

chili powder black sesame green bean LOD ng g-1

aflatoxin MSPD IAC MSPD IAC MSPD IAC MSPD IAC

B1 95 ± 3 92 ± 2 94 ± 2 91 ± 2 92 ± 3 94 ± 3 0.25 0.20
B2 88 ± 5 93 ± 3 90 ± 3 91 ± 2 91 ± 2 93 ± 2 0.10 0.10
G1 92 ± 4 91 ± 2 90 ± 3 86 ± 4 90 ± 4 92 ± 2 0.25 0.20
G2 93 ± 6 91 ± 4 90 ± 4 90 ± 3 89 ± 3 90 ± 4 0.10 0.10

Figure 5. Comparison of chromatograms obtained with matrix solid-phase
dispersion extraction (A, C, E) and immunoaffinity column (B, D, F) cleanup
for analysis of aflatoxins in chili powder (A, B), black sesame (C, D), and
green bean (E, F).
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Figure 6. Chromatograms of real samples obtained with matrix solid-
phase dispersion extraction (A, C, E) and immunoaffinity column (B, D,
F) cleanup for analysis of aflatoxins in chili powder (A, B), black sesame
(C, D), and green bean (E, F).
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